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DEFINITION I OF THE PROBLEM 

Whilst epidemiologists disagree about many 
things, there seems to be universal approval 
for the notion that objective measurement of 
tobacco smoke exposure is considerably more 
desirable tham more self-reporting of smoking 
habits. As with all dogmata, caveats abound, 
one of the most practical of which is that 
without sacrificing reliability, the field test 
should be both simple and cheap. For reliability 
to be conserved, the ideal test would distinguish 
between true non-smokers, non-smokers ex¬ 
posed to environmental!tobacco smoke ((passive 
smokers) and smokers;, maybe even betweeni 
different smoking habits and consumption rates. 
Thus the test would have absolute sensitivity 
and specificity. It Has become quite clear over 
the last two decades that, as various candidhte 
tests have been introduced, the panacea would 
not be found. Pretenders to the crown, such as 
expired! carbon monoxide, percent carboxy- 
hemoglobin and thiocyanate concentration in 
various body fluidfe, have failed to accede 
because of the ambiguities of incomplete sensi¬ 
tivity and specificity. Contemporary laboratory 
technology has answered the clarion call by 
developing such 1 methodology as capillary, gas: 
chromatography-mass spectrometry of 4- 
aminobiphenyl-hemoglobin adducts [1], gas 
chromatography-thermal energy analyzer de¬ 
tection! of urinary N-nitrosamino acids [2] or 
32 P-postlabeling tests for smoking-related DNA 
adducts [3J. Whilst such analyses embody 
contemporary methodology coupled with great 
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precision, by their very nature, they fall outside 
the scope of typical clinical epidemiologic 
survey which simply wishes to relate a measure 
of tobacco smoke exposure to health issues. 
It seems that rather by default, salivary and 
urinary cotinine determinations have evolved as 
the current touchstones of tobacco exposure. 
Apart from its simple determination, and the 
availability, of a rapid result at low cost, there is 
the added appeal that cotinine, as a relatively 
long-lived metabolite of nicotine, can be 
detected in the aforesaid fluids long after 
the “culprit” nicotine has dwindled to meagre 
levels. 

Because the greatest body of experience to 
dkte with cotinine surrounds epidemiologic 
enthusiasts, often with scanty training in drug 
metabolism and pharmacokinetics, the two 
disciplines which underpin the basis of the use 
of cotinine im this context, I believe that a 
critical review of the premises and procedures 
is required in am attempt to examine the mis¬ 
conceptions which can lead to overinterpre- 
tation in what is otherwise an exciting new field 
of biochemical epidemiology. 

My own dissatisfaction with indiscriminate 
use of cotinine as a dosimeter of tobacco smoke 
arises from the trade-off of knowledge for con¬ 
venience. Nicotine is a pyridine alkalbid, one of 
at least 10 identified in cigarette smoke [4] and 
both the qualitative and quantitative distri¬ 
bution of this class of alkaloids amongst the 
flora, their metabolic interconversions in man, 
the issue of the;concentration of cotinine in the 
saliva at the expense of: plksma. together with 
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the extent of intersubject variability in human 
disposition of nicotine and its metabolites is 
both nebulous and poorly ^understood. The 
complex of dynamic interactions which leads to 
a certain salivary or urinary concentration of 
cotinine at one point in time following exposure 
to a defined amount of airborne nicotine needk 
to be dissected. The purpose of this commentary 
is to demonstrate by such a dissection that single 
point cotinine concentrations can give no more 
than a clue to a past exposure to pyridine 
alkaloids of unknown amount, at an unspecified 
time, by an unknown route of entry and from 
unknown origins. 

SOURCES OF NICOTINE AND 
COTININE 

One of the principal premises of the practice 
of cotinine biomonitoring is that nicotine, and 
hence cotinine, is a tobacco-specific alkaloid. 
Cotinine is variously described as “a particur 
lady specific and sensitive marker of exposure to 
tobacco smoke” [5]J “a useful and reliable indi¬ 
cator of nicotine intake” [6] and I “a reliable 
indicator of tobacco smoke exposure” [7]. These 
statements deserve further comment in the 
light of the recent finding of nicotine both 
in Solanaceae plants which are consumed as 
vegetables in our diet and'in instant tea prepara¬ 
tions [8]. Whilst nicotine, with the exception of 
carbon monoxide, is the most abundant single 
chemical in tobacco smoke, with an estimated 
yield 1 of 1.0-2.3 mg per cigarette [9]. with a 
mean nicotine intake per cigarette calculated as 
0:75-1125 mg per cigarette [10], it can no longer 
be considered as tobacco-specific. Significant 
nicotine concentrations (mg/kg dry weight) have 
been found in tomatoes (li.5-3.2^, potato peel 
(9.5-16.1), eggplants (1.9-3.0), green peppers 
(1.3-3.9), green tea (1 -8;—2:4) and two brands of 
instant tea (12.2-28.0). lit is possible to calculate 
from: these data that a person who consumed 10 
cups of team a day, ate food comprising 1 lb of 
tomatoes, aubergines or peppers and 1 lb: of 
potatoes with their skins, might' ingest nicotine 
equivalent to li-2 cigarettes, The confounding 
effect, particularly in vegans and vegetarians, 
upon cotinine biomonitoring of environmental 
tobacco smoke exposure, might be considerable. 
It is hardly surprising that imported foodstuffs 
might contain high levels of nicotine, when 
nicotine is still widely used in the developing 
world as a cheap and effective insecticide. The 
data so far available though, suggest that' 


nicotine is elaborated by the Solanaceae such as 
tomatoes, since it is found not only in the fruit, 
but also the leaf, stem and root [8]. 

Whilst tobacco smoke contains high concen- 
trations of nicotine, it also contains cotinine 
(9-57 /tg per cigarette) and nornicotine 
(27-88 /r g per cigarette) [4]. bothi of which are 
mammalian metabolites of nicotine. Because 
nornicotine can be methylated in the lung to 
give nicotine [11:],, cotinine biomonitoring will 
reveal not only exposure to tobacco smoke and 
dietary nicotine, but also to cotinine itself and 
to nornicotine. Whether or not these latter 
two related I alkaloids occur in vegetables or as 
degradation products of environmental nicotine 
insecticides is not known. 


HUMAN METABOLISM OF 
NICOTINE AND COTININE AND 
ITS INTERSUBJECT VARIABILITY 

It is generally assumed that cotinine arises 
from the metabolic oxidation of nicotine in 
human tissues by cytochrome /M50, although 
which discrete one of the myriad of /®-450 
isozymes effects this reaction is unclbar. What is 
certain is that at any given time the concen¬ 
tration of cotinine in the plasma will depend 
upon not only the dose of nicotine ingested and 
inhaled! but is rate of conversion to cotinine, the 
rates of competing metabolic transformations 
to nornicotine and nicotine N-oxides, the rate 
of onward metabolism of cotinine to its own 
metabolites, together with both the rates of 
excretion of nicotine and cotinine in the urine 
and any sequestration of the two compounds 
within other body compartments which occurs. 
All these complex interactions are then candi¬ 
dates for intersubject variability arising frorrn 
physiological, environmental, pathological andl 
genetic differences which exist between all of us, 
What is so surprising, considering the perceived I 
importance of nicotine, is that the balance of its 
metabolic transformations in man is not known: 
only a fraction of its metabolites have been 
identified. 

For many years cotinine was considered to be 
the principal metabolite of nicotine and indhed 
many authors refer to it as such [10, 12-14]. 
However, recent studies point to trans- 3'- 
bydroxycotinine as the major metabolite of 
nicotine [!15], Parviainen and Barlow [16] 
have criticized this interpretation of the 
chromatographic data and themselves refer to 
“metabolite 5” which behaves: similarly, to the 
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rra/i 5 r 3 '-hydroxycotinine of Neurath and Pein 
[15]. Further studies by these authors [17; 18] 
seemi to establish the pre-eminence of t reins-Y- 
hydroxycotinine amongst the known nicotine 
metabolites. Our own studies have shown that 
the N-oxides of nicotine are more abundant in 
the urine than cotinine after; nicotine: ingestion 
[19]. In studies where, sufficient raw data were 
given to assess the extent of variability in co- 
tiinine levelk under constant smoking conditions; 
the amount of intersubject variation observed! is 
large. For example, the data cited by Neurath 
and Pein [15] for 9 subjects, who each smoked 
19 cigarettes (each 1.35 mg nicotine) per day for 
6 days, show that the plasma nicotine concern 
trations varied from 7-44 ng/tnl, the cotinine 
from 41-344 ng/tnl and the mm-3'-hydroxy- 
cotinine fromi 24-160 ng/mi, giving 6-, 8- and 
7-fold variations respectively, with the greatest 
for cotinine. Similarly in the urinary studies 
of Cholerton et al : [19], cotinine excretion 
displayed the highest coefficient of variation of 
any metabolite. Cytochrome i > 450-mediated 
metabolic oxidations are frequently subject 
to genetic polymorphism [20,21] and as yet 
undefined genetic polymorphism may underlie 
this observed variation. What can be said is that 
plasma and I urinary concentrations of cotinine 
do not reflect the dose of nicotine entering the 
body,. 

DISPOSITION OF COTININE IN SALIVA 

In spite of the fact that a wide variety of dhigs 
is subjected to therapeutic monitoring, for very 
few is this routinely done so in saliva instead of 
in plasma. It is only really for certain anti¬ 
convulsant drugs that the ”non-invasive" 
salivary protocol! has become a reality., It is 
noteworthy that Danhof and Breimer [22], in 
their review of therapeutic drug monitoring in 
saliva; conclude “In single dose studies, many 
discrepancies in the saliva/plasma ratio: have 
been described; especially during periods of 
drug absorption. It is probably not possible to 
conduct reliable pharmacokinetic and! bio- 
pharmaceutical single dose studies based upon 
saliva data alone”. The subsequent decade has. 
witnessed a> gradual abandonment: of the use 
of saliva in therapeutic dhig monitoring. 
Nevertheless, salivary cotinine continues to be 
popular with the epidemiologists [23~25]j. 

Two characteristics of a drug determine its; 
penetration into saliva, its ionization constant 
expressed as a p K a value and the fraction! 


unbound to plasma proteins. In the case of 
nicotine, both nitrogen atoms are ionizable with 
pA^s of 8.02 and 3.12 [26], meaning that 
nicotine is both mildly and weakly basic. 
Cotinine however has lost its mildly basic 
pyrrolidine nitrogen to become a lactam, 
ieav.ing only the weakly basic py name:nitrogen 
with a pK, A of 4.37 [27]. 

Unlike nicotine, which* is, too basic, cotinine, 
with a pA'a of less than 5.5, is now able to freely 
enter salivai [28]. However, there is some con¬ 
tention! that cotinine enters too freely, and! is 
somehow concentrated by the gland, giving 
artificially high estimates of the plasma concent 
tration [7], although this has been the subject of 
a strong debate [29, 30]. It is not unusual for 
drugs to be concentrated in saliva and this is one 
of the hallmarks of lithium which is actively 
transported into saliva to reach concentrations 
2 2-3.3 times higher than plasma [22]. Active 
transport has also been proposed for both 
phenytoin and penicillin [22]. Accordingly either 
single spot concentrations or pharmacokinetic 
profiles of cotinine in saliva may over-represent 
the true disposition of the compound in plasma, 
thus clbuding interpretation of such data. 

ANALYTICAL DETERMINATION OF 
COTININE 

A constellation of individual methodolbgies 
has been published. Many determine nicotine 
concentrations simultaneously. Many of the 
most sensitive, specific and reliable assays re¬ 
quire the participation of a mass spectrometer 
[12, 31,32] which is not available to most re^ 
searchers. Gas chromatography using nitrogen- 
sensitive detection has also been employed 
[|14, 33]. The ubiquitous HPLC has been applied 
to the problem [13,16,34,35]. Probably the 
biggest advance has been the appearance of an 
enzyme-linked immunosorbant assay (ELISA) 
using a monoclonal! antibody which recognizes 
cotinine [36]. Although only minimal cross¬ 
reactivity with nicotine and nicotine metabolites 
occurs; until the discovery by Neurath and 
Pein [15] that /rarts-3'-hydroxycotinine was. 
the principal metabolite of nicotine hitherto, 
no assessment of cross-reactivity between the 
commonly-used anticotinine antibodies and 
//iartS-3'-hydroxycotinihe was performed. In¬ 
deed this major metabolite cross-reacts by about 
30% with the polyclonal rabbit anticotinine 
antiserum commonly used to determine cotinine 
levels by ELISA [37]| 
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USES AND ABUSES OF COTININE 

Itv situations where the cotinine concen¬ 
trations are massively elevated, such as in the 
urine, blood and saliva of active smokers, 
cotinine determinations should in principle 
serve a useful purpose in verifying sel ft repo rted 
smokers and non-smokers. The experiences of 
Jarvis et ai [24] are salutary in this regard. 
These investigators studied 21!5 outpatients 
attending cardiology and peripheral vascular 
clinics where a reasonably high proportion of 
cigarette smokers were anticipated. Accurate 
self-reporting of smoking status was encouraged 
by guaranteeing confidentiality and anonymity 
of responses. Eleven different biomarkers of 
smoking were determined on each subject in¬ 
cluding expired carbon monoxide and %COHb; 
plasma, saliva and urine thiocyanate, nicotine 
and cotinine. Plasma cotinine gave the best 
discrimination between self-reported smokers 
and non-smokers, but nevertheless 21 ! self- 
reported non-smokers had' plasma cotinine 
levels similar to the smokers (cut-off 13.7 ng/ml! 
cotinine). These 21 anomalous individuals were 
labeled “Deceivers” by these authors, even 
though 5 of them did not have raised! 
thiocyanate levels and 3 had expired CO 
levels below the smoking cut-off of 5.6 ppm. 
Presumably the anonymity also protects; the 
authors from litigation. What is most surprising; 
is that no comment is made by the authors 
about the 9 self-reported smokers who had 
plasma cotinines below the cut-off of 13.7 ng/ml. 
In spite of its better performance than other 
biomarkers tested, plhsma cotinine could still be 
seriously wrong on an individual case basis; in 
this study. Using pejorative terminology such as 
“deceiver” to label a patient as a liar is in my 
view not only highly invasive of that patient's 
human rights but also unscientific. It may very 
well be that* by trading knowledge for con¬ 
venience, an unusually high dietary intake of 
nicotine and cotinine has been overlooked, or a 
pharmacogenetic variant in nicotine/cotinine 
metabolism has stealthily been at work, or for 
that particular sample the assay did not perform 
adequately. This may be particularly important 
wheni issues of minor nicotine intake, such 
as environmental tobacco smoke, are being 
considered, where the signal-to-noise for 
cotinine valiies might be seriously confounded 
and compromised by diet and pharmacogenetic 
variation. Again the literature contains such 
possible examples: 330 non-smoking adolescent 


schoolgirls in south London were studied by 
Jarvis et al [38]. They were partly categorized 
as non-smokers by having salivary cotinine 
concentrations of tess than 14.7 ng/ml [24]. 
The authors claim that the high correlationi 
(r = 0i75; p< 0.0001) between non-smoking 
girls’ salivary cotinine concentrations on two 
occasions 1 year apart was due to a constant 
home environment where either or both parents; 
smoked indoors, Thus, the pattern of salivary 
cotinine due to the breathing of one or both 
parents’ smoke was maintained with high repro¬ 
ducibility over 12 months. At least this is the 
interpretation put on the findings by the authors 
and they may be right, but! they have ignored the 
possibility that an individual's salivary cotinine 
level is fixed by a combination of environ¬ 
mental, physiological and genetic factors and 
not merely by one exposure factor. From my 
perspective as a pharmacogeneticist a great deal 
of work is yet required before such weight can 
be attributed to salivary cotinine concentrations 
as is often witnessed. The full metabolic picture 
of nicotine is not known, the extent! to which 
single genes can determine individual patterns 
is unknown, the complete dietary spectrum of 
nicotine and relkted pyridine alkaloids is un¬ 
available at present; and the ability of salivary 
glknds to concentrate cotinine is still under 
debate. I believe that the time is right to trade 
some expediency for proper investigation of the 
problem l 
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